The temporal behavior of axisymmetric magneto-rotational instability in a thin accretion disk is analyzed via the Wentzel-Kramars-Brillouin (WKB) method. The height of the thin disk is used as a small parameter. It is found that the oscillation of the envelope of the mode accelerates with time because of the density distribution in the direction of the disk height. Magneto-rotational instability (MRI) [1, 2] in accretion disks [3] has attracted much attention in astrophysics research since Balbus and Hawley pointed it out as a candidate for explaining the "anomalous" angular momentum transport in accretion disks [4] . In Ref.
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In the present study, we adopt the ideal magnetohydrodynamics (MHD) model. Before analyzing the stability, we briefly mention the equilibrium of the accretion disk. Here we assume a simple geometry with the velocity field v = RΩ(R)φ and the magnetic field B = BẐ, where Ω(R) is an angular rotation frequency, B is a constant,φ andẐ are the unit vectors in the directions ϕ and Z in the cylindrical coordinates (R, ϕ, Z), respectively. Then, from the force-balance equation
we obtain the mass density ρ and the angular rotation frequency Ω as
where p is the pressure, Φ is the gravitational potential, ρ 0 is an integration constant, c s := p/ρ is the isothermal sound speed assumed to be constant, G is the gravitational constant, and M is the mass of the central object. The selfgravity is neglected. If we drop ∂(ln ρ 0 )/∂R, we obtain the Keplerian rotation Ω 2 = GMR −3 , for which Eq. (2) can be rewritten as
in the limit of R Z. The scale height H is much smaller than typical radius R when the plasma rotation velocity RΩ is much larger than the sound speed c s .
In the stability analysis, the mode structure we are considering is shown in Figure 1 . It has a very short wave length in the Z direction, and has also an envelope in Z whose scale length is comparable to the scale height of the accretion disk. In order to express such a mode structure, 
where 6) into the linearized MHD equations and using the ordering described above, we obtain, in the lowest order O(H −2 0 ),
where ω 0 := ∂S 0 /∂t and k Z0 := ∂S 0 /∂Z. Then we obtain ω 0 = 0 and ω 
where
The prime denotes the derivative with respect to R. This is basically the same with the dispersion relation obtained by the conventional analysis [4] . The minus-sign branch yields instability. The eigenvector yieldsB 
where k Z1 := ∂S 1 /∂Z. Since ∂S 1 /∂t = ω 1 (R, Z; k Z0 ), we obtain S 1 = ω 1 t+S 10 (R, Z; k Z0 ) where S 10 is an integration constant. Then k Z1 := ∂S 1 /∂Z = k Z11 t + k Z10 where k Z11 := ∂ω 1 /∂Z and k Z10 := ∂S 10 /∂Z. The wave number in the Z direction changes in time due to the Z dependence of ω 1 which originates from the density distribution in Z. Thus we can integrate Eq. (9) to obtaiñ
is an initial value. The term (1/2)(∂ω 1 /∂Z)t 2 in the exponential factor shows that the oscillation of the envelope becomes increasingly faster in time since it depends on t 2 . The local frequency or the growth rate ω 1 depends on Z through the Alfvén velocity v A or the density distribution (the magnetic field B is constant).
In conclusion, we have succeeded in capturing the transient phenomena of MRI, Eq. (10), for the first time; this has not been captured using the eigenvalue approach in long cylinder geometry. Such transient phenomena are absolutely necessary to explain the observed radiation variability [3] . Although we have used such a simple equilibrium magnetic field, it may be enough to point out the significant importance of the global treatment of MRI as well as the initial-value approach.
